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BIOLOGICALLY ACTIVE GLYCOPROTEIN HORMONES 
PRODUCED IN PROCARYOTIC CELLS 



10 



Pursuant to 35 U.S.C. §202(c), it is hereby 
acknowledged that the U.S. Government has certain 
rights in the invention described herein, which was 
made in part with funds from the National Institutes 
of Health. 

FIELD OP THE TKVENTION 

This invention relates to the family of 
mammalian hormones known as "glycoprotein" hormones" . 
In particular, this invention provides biologically 
active recombinant glycoprotein hormones produced in 
procaryotic cells. The invention further provides 
methods for expressing subunits of the hormones in 
procaryotic cells and re-folding the subunits in 
vitro, to produce biologically active glycoprotein 
15 hormones in quantities sufficient for clinical use. 

BACKGROU ND OF THE INVENTION 

The family of mammalian hormones commonly 
referred to as the "glycoprotein hormones- includes 
the pituitary gonadotropins, luteinizing hormone (LH) 
and follicle-stimulating hormone (FSH) and the 
placental gonadotropin, chorionic gonadotropin (CG) , 
as well as pituitary thyroid-stimulating hormone 
(TSH) . The gonadotropins play key roles in various 
testicular and ovarian functions by regulating 
25 gametogenesis and synthesis of steroid hormones in the 
ovaries and testes. Thyroid stimulating hormone 
regulates numerous cellular processes in the thyroid 
involved in synthesis and secretion of thyroid 
hormones, including thyroxin. For a review of the 
30 psychological functions of the glycoprotein hormones, 
see, generally, chapter 36 and Chapter 39 
(specifically pages 522-523 and 577) in Basic and 
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Clinical Pharmacology , 5th edition, B.G. Katzung, ed., 
Appleton & Lange (1992) . 

Although diverse in function, the 
glycoprotein hormones share numerous structural 
5 similarities. Each glycoprotein hormone is composed 
of two subunits, referred to as a and /S. Within a 
species, the a subunit is essentially identical among 
the different hormones of the family, whereas the 0 
subunit is unique to each hormone. Because of its 
10 commonality within the glycoprotein hormone family, 
the a subunit shows a very high degree of amino acid 
sequence homology from one species to another. 
Likewise, although 0 subunits are unique for each 
specific hormone, 0 subunits show strong inter-hormone 
15 and inter-species sequence homology, particularly in 

regions involved in protein folding, glycosylation and 
assembly of a$ heterodimers. Significant (i.e., 
approximately -80%) sequence homology has been found 
between LH-/3 and hCG-/S. There is also a lesser, but 
20 still significant, homology with FSH-/3 and TSH-/3. 
Comparative amino acid sequences of glycoprotein 
hormone a and 0 subunits from a variety of species are 
set forth in a review by Ryan et al., Recent Progress 
in Hormone Research, 43: 383-429 (1987). 
25 Botn subunits of glycoprotein hormones are 

glycosylated. The 0 subunit contains two N-linked 
oligosaccharides and, in the case of the 0 subunit of 
human chorionic gonadotropin (hCG-0) , there are four 
O-linked oligosaccharides in the carboxyl extension of 
30 the polypeptide. Apparently, the O-linked chains are 
not required for biological activity, since they are 
not present on LH-/S subunits. The a subunit contains 
two N-linked oligosaccharides. 

The glycoprotein hormones possess a high 
35 degree of disulfide bridging in the a and 0 subunits. 
The a subunit contains five disulfide bonds, while 
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each of the 0 subunits in the family contains six 
disulfide bonds. All the 0 subunits have identical 
relative positions of the 12 cysteines that form the 
six disulfide bonds in the subunit. Detailed 
5 descriptions of the polypeptide and carbohydrate 

structures of the glycoprotein hormones can be found 
in the following reviews: Ryan et al., 1987, supra.; 
Ryan et al., FASEB J., 2: 2661-2669 (1988); and Pierce 
& Parsons, Ann. Rev. Biochem. , 50: 465-495 (1981). 
10 Glycoprotein hormone a and 0 subunits 

assemble to form functional heterodimers-through 
strong, non-covalent interactions. Inter-hormone and 
inter-species qj8 hybrids have been prepared. it was 
learned from such preparations that hormonal 
specificity is dictated substantially by the 0 
subunit; however, both the a and the 0 subunit are 
apparently involved to some degree in receptor 
recognition and binding affinity (i.e., potency). 

The glycoprotein hormones elicit their 
respective biological responses by binding to a plasma 
membrane receptor on target cells and activating the 
adenylate cyclase enzyme system by stimulating 
synthesis of cAMP. Evidence also exists that 
glycoprotein hormones activate the inositol 
triphosphate-diacylglycerol system (see Davis et al., 
Biochem. J., 238: 597-604, 1976). These system 
activation activities of the glycoprotein hormones are 
sometimes referred to herein collectively as "signal 
transduction" activity, a term that also includes the 
in vivo effects of the hormones, such as stimulation 
of ovulation. 

The carbohydrate moieties on the 
glycoprotein hormones function to stabilize the 
hormones in the blood, and also appear to play a role 
35 in receptor binding and signal transduction. 

Experiments with chemically deglycosylated hormones 
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indicate that removal of N-linked oligosaccharides 
does not interfere with receptor binding, but may 
inhibit signal transduction activity of the hormone. 
It has been found that removal of N-linked 
carbohydrate from the o subunit can enhance binding, 
when the deglycosylated a subunit is combined with a 
glycosylated 0 subunit. Keutmann et al., 
Biochemistry, £2: 3067-3072 (1983) . Recent studies 
with N-deglycosylated hCG (using site-directed 
mutagenesis) have shown a high receptor binding 
activity for the deglycosylated hormone, Jaut little or 
no signal transduction ability (i.e., the 
deglycosylated hormone is an antagonist of native 
hormones). Dunkel et al., Endocrinology, 132: 763-769 
15 (1993). 

The gonadotropin glycoprotein hormones are 
used clinically to induce ovulation in women and 
spermatogenesis in men, and for treatment of 
hypogonadism in both males and females. The pituitary 
glycoprotein hormones are used clinically for 
treatment of various pathological conditions 
associated with underproduction of thyroid hormones. 
See, e.g., Basic and Clinical Pharmacology , supra. 
Additionally, considerable speculation has developed 
recently with regard to the use of antagonistic 
derivatives of glycoprotein hormones for use as anti- 
fertility agents, and for treatment of diseases and 
pathological conditions associated with overproduction 
of steroid hormones (e.g., prolonged or excessive 
estrogen exposure as a risk factor for endometrial and 
breast cancer) or thyroid hormones (e.g., 
hyperthyroidism, Grave's disease). As described 
above,. N- deglycosylated a/3 dimers of hCG have been 
shown to be potent antagonists of native hCG. 

Although glycoprotein hormones are widely 
used for various clinical applications, current 
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methods for obtaining glycoprotein hormones can be 
costly, time consuming and/or unable to produce 
clinically significant quantities of the hormones. 
For example, hCG is produced for clinical use by 
5 purification from pregnancy urine, where it is present 
in low abundance. Thus, large quantities of pregnancy 
urine must be collected in order to obtain relatively 
modest amounts of hCG. Human menopausal gonadotropin 
(hMG) , which is a mixture of partially catabolized 
human FSH and LH, is extracted from the urine of post- 
menopausal women, thus entailing the same difficulties 
in collection as associated with collection of 
pregnancy urine. Other glycoprotein hormones are even 
more difficult to obtain in significant quantities due 
to their low abundance in the biological tissue with 
which they are associated (e.g., TSH must be isolated 
from the thyroid, while LH and FSH are found only in 
the pituitary gland. 

Glycoprotein hormones can also be produced 
as recombinant proteins by expression in eucaryotic 
cells, such as Chinese Hamster Ovary (CHO) cells. 
However, production of recombinant glycoprotein 
hormones in cultured CHO cells is expensive due to the 
high cost of growth medium, which roust contain calf 
25 serum for growth of the cultured cells. Moreover, 

most eucaryotic in vivo expression systems are limited 
in their yield of recombinant gene products, and 
therefore, are not particularly useful for 
manufacturing clinically significant quantities of 
3 0 glycoprotein hormones. 

Current methods for producing deglycosylated 
glycoprotein hormones or hormone subunits, for use and 
development as antagonists, are also limited. The 
classic method for deglycosylating the glycoprotein 
35 hormones has been by chemical means, e.g., treatment 
with anhydrous hydrogen fluoride or trif luoromethane 
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sulfonic acid. While such methods are capable of 
removing the N-linked carbohydrates of the a and 0 
subunit, they may produce internal peptide cleavages 
or changes in secondary structure. See, e.g., Ryan et 
5 al., 1988, supra at page 2663. Moreover, such methods 
may not be capable of completely removing N-linked 
oligosaccharides (for example, anhydrous hydrogen 
fluoride or trif luoromethane sulfonic acid treatment 
does not result in the removal of the N- 

10 acetylglucosamine coupled to the asparagine residue) . 
See, e.g., Ryan et al., 1988, supra at page 2663. 
Furthermore, such chemical treatments can result in 
changes in the tertiary structure of the hormone 
subunit or heterodimer. 

15 More recently, deglycosylated hCG has been 

produced by in vitro mutagenesis of genes encoding the 
subunits, followed by expression in eucaryotic cells. 
Dunkel et al., 1993, supra. Thus far, these methods 
have been restricted to the removal of N-linked 

20 oligosaccharides from a and j8 subunits by substituting 
glutamine for asparagine at the appropriate sites on 
the respective polypeptides. Although such methods 
are more reliable for producing N-deglycosylated 
subunits, they suffer from the same drawbacks as 

25 mentioned above relative to high cost and low yield of 
recombinant glycoprotein hormone production in 
cultured eucaryotic cells. 

From the foregoing discussion, it can be 
seen that a need exists for a low-cost, simple and 

3 0 reliable method to produce glycoprotein hormones in 
amounts sufficient for clinical applications. 
Significant additional advantages would accrue if such 
methods were capable of producing fully deglycosylated 
glycoprotein hormones or hormone subunits for use and 

35 development as antagonists of native glycoprotein 
hormones. These needs could be met by producing 
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glycoprotein hormones as recombinant products in a 
procaryotic expression system. Procaryotic systems 
are well known in the art for their relative ease of 
use and ability to generate large amounts of gene 
5 products. Moreover, since procaryotic cells do not 
possess the cellular mechanism for glycosylating 
proteins, procaryotic expression systems would be 
particularly well suited for producing deglycosylated 
glycoprotein hormone subunits. 
10 Although procaryotic expression seems an 

ideal method for producing clinically significant 
guantities of glycoprotein hormones, such methods have 
heretofore not been successfully applied to the 
production of glycoprotein hormones. Previous 
15 attempts have produced only aggregated or fragmented 
subunits, presumably due to the incomplete or 
incorrect formation of disulfide bonds during folding. 
In eucaryotic cells, glycoprotein hormones normally 
form disulfide bonds during folding in the endoplasmic 
20 reticulum (ER) , under redox conditions that are 
substantially more oxidizing than found in the 
bacterial cytoplasm, e.g., of E. coli. Wunder-lich & 
Glockshuber, Protein Science, .2: 717-726 (1993) . As a 
result, the disulfide bond formation required for 
25 folding of either subunit would not occur in 

procaryotes such as E. coli, such that only unfolded 
forms of the subunits may be obtainable in procaryotic 
systems. It is likely that the current unavailability 
of a procaryotic expression system for producing 
biologically active recombinant glycoprotein hormones 
is substantially attributable to these difficulties 
associated with proper folding of glycoprotein hormone 
subunits in the procaryotic environment. 
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SUMMARY OP THE INVENTION 

In accordance with the present invention, 
methods have been devised to produce biologically 
active glycoprotein hormones by expressing unfolded 
5 glycoprotein hormone subunits in procaryotic cells and 
re-folding the subunits In vitro to form assembly- 
competent subunits and to produce functional 
glycoprotein hormones. According to one aspect of the 
present invention, a glycoprotein hormone subunit is 

10 produced in procaryotic cells, which is capable of 
assembling with a counterpart subunit to form a 
glycoprotein hormone having at least one activity of a 
naturally occurring glycoprotein hormone. The 
invention also provides a recombinant glycoprotein 

15 hormone, which comprises an a subunit and a 0 subunit, 
at least one of the subunits being produced in 
procaryotic cells, and the hormone having at least one 
activity of a naturally occurring glycoprotein 
hormone . 

20 In one embodiment of the invention, the 

recombinant glycoprotein hormone comprises one subunit 
produced in procaryotic cells, and the other subunit 
(sometimes referred to herein as the •• counterpart" 
subunit) is purified from natural sources. According 

25 to a preferred embodiment of the present invention, 
both subunits are produced in procaryotic cells, and 
the recombinant hormone is fully deglycosylated. The 
deglycosylated glycoprotein hormones act as 
antagonists to naturally-occurring glycoprotein 

30 hormones, and are useful as anti-fertility agents and 
for treatment of conditions involving overproduction 
of glycoprotein hormones. 

According to another aspect of the present 
invention, a method is provided for making a 

35 glycoprotein hormone subunit capable of assembling 
with a counterpart subunit to form a glycoprotein 
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hormone. The method comprises transforming a 
procaryotic cell with a nucleic acid molecule that 
comprises a coding sequence for the subunit, operably 
linked to regulatory sequences for expressing the 
5 coding sequence in the procaryotic cell, and 

expressing the coding sequence in the procaryotic cell 
to produce an unfolded form of the subunit. The 
unfolded subunit is then purified from other 
components of the procaryotic cell. The purified 

10 unfolded subunit is folded in vitro by dispersing the 
subunit in a thiol redox buffer having a -redox 
potential of between about -145 and about -200 mV, 
which enables ordered formation of disulfide bonds, 
thereby forming an assembly-competent glycoprotein 

15 hormone subunit. Methods are also provided for 

assembling the aforementioned glycoprotein hormone 
subunits into functional glycoprotein hormones. These 
methods involve contacting the assembly-competent 
subunits with each other in the thiol redox buffer, 

20 which causes assembly of the subunit to produce the 
active glycoprotein hormone. 

According to another aspect of the present 
invention, a solution is provided for folding unfolded 
protein having a disulfide bond in the folded form. 

25 This solution comprises a cysteamine/cystamine redox 

pair at a combined concentration of between about 2 mM 
and about 10 mM, the ratio of cysteamine to cystamine 
being about 2:1 and preferably having a pH of about 
8.7. The redox potential of such a buffer ranges from 

30 between about -145 to about -200 mV. This redox 

buffer is useful for refolding disulf ide-containing 
proteins, and is particularly useful for refolding 
unfolded subunits of glycoprotein hormones, most 
particularly hCG-/3. 

35 According to another aspect of the present 

invention, a pharmaceutical preparation is provided 
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described hereinabove. In one embodiment, the 
pharmaceutical preparation comprises recombinant 
glycoprotein hormones which are appropriately 
glycosylated such that the hormones may substitute for 
naturally-occurring glycoprotein hormones in treatment 
of conditions which can be relieved by increasing the 
amount of a glycoprotein hormone in a patient. In 
another embodiment, the pharmaceutical preparation 
comprises fully deglycosylated recombinant 
glycoprotein hormones for treatment of conditions 
which can be relieved by reducing the amount of a 
glycoprotein hormone in the body or preventing the 
binding of a glycoprotein hormone to its cellular 
receptors in the body. 

The procaryotically-produced recombinant 
glycoprotein hormones of the present invention may be 
produced at low cost, by simple and reliable methods, 
in amounts sufficient for clinical applications. 
Additionally, fully deglycosylated glycoprotein 
hormones produced by the methods of the invention may 
be used as antagonists of native glycoprotein 
hormones . 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE l. Kinetics of folding the hCG 
folding intermediate pj3l to p02 in various redox 
buffers. Shown are fluorograms of nonreducing SDS- 
PAGE separations of the p/3l and p02 intermediates. 
P01 was folded for 5-80 min in the following redox 
buffers; Fig. 1A: 1.7 mM reduced glutathione, 0.27 mM 
oxidized glutathione, pH 7.4 (for the 0-min time 
point, p/3l was alkylated in the absence of redox 
buffer); FIG. IB: 1.7 mM reduced glutathione, 0.27 mM 
oxidized glutathione, 17.5 /iM protein disulfide 
isomerase (PDI) , pH 7.4; FIG. 1C: 6.37 mM cysteamine, 
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3.63 n>M cystamine, pH 8.7; FIG. ID: 6.37 mM 
cysteamine, 3.63 mM cystamine, 17.5 mM PDI, pH 8.7. 
[ I4 C] -labelled molecular weight markers are indicated; 
bovine serum albumin dimer (M, 132,000), bovine serum 
5 albumin monomer (M r 66,000), chicken egg albumin (M, 
45,000), carbonic anhydrase (M, 29,000), and a- 
lactalbumin (M, 14,000). 

FIGURE 2. Assembly of hCG subunits in 
cysteamine/cystamine and glutathione/PDI redox 
10 buffers. Fluorogram of a nonreducing SDS-PAGE 
separation of [ 35 S]cysteihe-p£2 from the hCG- 
a/[ 3S S)cysteine-p/32 dimer. [ 35 S] cysteine-p/32 was 
incubated with 1 /xM unlabel led urinary hCG-a for times 
indicated under in the figure. Reactions were 
15 performed in either 0.27 mM oxidized glutathione, +/- 
17.5 jiM PDI, pH 7.4 or 6.37 mM cysteamine, 3.63 mM 
cystamine, pH 8.7. The assembly reaction was stopped 
by the addition of 100 mM iodoacetate, 50 mM Tris-HCl, 
pH 8.7 followed by ice-cold nonreducing gel 
20 electrophoresis buffer. The abbreviations used are: 
CymSH, cysteamine + cystamine; GSH, reduced and 
oxidized glutathione; and GSH + PDI, reduced and 
oxidized glutathione with protein disulfide isomerase. 

FIGURE 3. Detection of recombinant hCG-0 
25 (rehCG-/3) in bacterial cell lysates. Fig 3A: silver 
stained reducing SDS-PAGE analysis of cell lysates 
from uninduced B121(DE3) cells that harbored the 
pET12-hCG-# expression plasmid (lane 1) and from 
B121(DE3) cells that had been induced with IPTG for 4 
30 hrs (lane 2) . Fig 3B: Western blot analysis by 

enhanced chemi luminescence (ECL, Amersham) of cell 
lysates from uninduced (lane 1) and induced (lane 2) 
B121(DE3) cells that contained the pET12-hCG-0 
plasmid. 

35 FIGURE 4. Purity of rehCG-0 during the two 

step purification. FIG. 4A: Lane 1, silver stain of 



- 12 - 

a reducing SDS-PAGE analysis of solubilized inclusion 
bodies from an induced culture of B121(DE3) cells 
transfected with the pET12-hCG-0 plasmid. Lane 2, gel 
analysis of rehCG-0 following c 4 reversed-phase HPLC. 
Peak fractions were pooled, concentrated, and an 
aliquot applied to lane 2. 

FIGURE 5. Nonreducing SDS-PAGE analysis of 
forms of HPLC-purified rehCG-/8 during in vitro 
folding. Lane l, molecular weight standards: 
cytochrome C (12.3 kDa) , 0-lactoglobulin (18.4 kDa), 
carbonic anhydrase (29 kDa), ovalbumin (45 kDa), and 
bovine serum albumin monomer (66 kDa). Lanes 2-12, 
products of rehCG-0 folding reactions. Unfolded 
rehCG-0 that had been HPLC purified was diluted to 
1.28 /xM in the presence of 50 mM Tris-HCl, pH 8.7, l 
mM EDTA, 6.4 mM cysteamine, and 3.6 mM cystamine and 
incubated at room temperature for the times indicated. 
Folding was stopped by the addition of iodoacetate and 
nonreducing gel electrophoresis sample buffer. Gel- 
resolved forms of folded rehCG-0 were visualized by 
silver staining. folding intermediate" is 

analogous to p/ffi and "folded 0" to p02 in the 
intracellular folding pathway. 

FIGURE 6. Nonreducing SDS-PAGE analysis at 
4°C to detect assembly of hCG-ct and HPLC-purified 
rehCG-0 subunits. Lane l, molecular weight standards 
as in Fig. 5. Lane 2, hCG-a. Lane 3, reduced, 
carboxy-methylated hCG-/S. Lanes 4-13, products of the 
coupled rehCG-0 f olding/hCG-cr assembly assay. RehCG-0 
was diluted to 1.28 ^M in the presence of l /xm urinary 
hCG-a and the reaction buffer detailed in the legend 
of Fig. 5A. Folding and assembly was allowed to occur 
at room temperature for the times listed in the 
figure. Reactions were stopped by the addition of 
iodoacetate and ice-cold nonreducing gel 
electrophoresis sample buffer. The hCG dimer and 
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unassembled subunits were visualized by silver 
staining. 

FIGURE 7. Nonreducing, 4°C SDS-PAGE 
analysis of aliguots of anion exchange HPLC fractions 
5 for the purification of rehCG-0/urinary a dimer. Lane 
1, molecular weight standards as in Fig. 6; remaining 
lanes, 10% of the indicated HPLC fractions. Bands 
were visualized by silver staining. 

FIGURE 8. Western blot analysis of the 
10 rehCG-0/urinary a hCG dimer. Standard urinary hCG-a 
and urinary hCG-/3 subunits and the subunits in the 
putative recombinant hCG dimer were resolved on 
reducing SDS-PAGE gels and probed with an antibody to 
either hCG-a (Fig. 8A) or hCG-/3 (Figure 8B) . Note 
15 that rehCG-0 migrates faster than urinary hCG-0 
because the former lacks carbohydrate. 

FIGURE 9. Analysis of the in vitro receptor 
binding and activation ability of the recombinant hCG 
dimer. FIG. 9A: displacement of 125 l^hCG binding to 
20 hLH receptors by wild-type hCG (+) , rehCG-/3/urinary a 
hCG(O), and unfolded rehCG-/3 (♦)• Cells derived from 
a human fetal kidney cell line ( M 293" cells) were 
transfected with the hLH receptor expression plasmid 
pCMX-hLHR , and binding of radiolabeled hCG was 
25 measured 20 h later. Cells (2X 10 5 /tube) were 

incubated for 18 h after adding simultaneously ,25 I-hCG 
with or without varying doses of wild-type hCG, 
re/3/urinary a/hCG, or unfolded rehCG-/3. Displacement 
of 125 l-hCG is shown as a percentage of maximal binding 
30 at each dose of unlabelled hormone. Mean +/- SEM. 

FIG. 9B: stimulation of cAMP accumulation by wild- 
type hCG (+) , rehCG-/S/urinary o hCG (o) , or unfolded 
rehCG-/3 (•) in 293 cells expressing hLH receptors. 
Extracellular cAMP accmulation was measured after 
35 incubation of transfected 293 cells (2 X 10 5 

cells/tube) for 18 h at 37 «C in the absence and 
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+/- SEM of three experiments. 

FIGURE 10. Number of ovulated oocytes (mean 
+ SEM) recovered from the oviducts of PMSG-primed rats 
after injection with purified hCG or recombinant hCG- 
0/urinary a. Immature hypophysectomized female rats 
received a subcutaneous priming dose of PMSG (10 IU) , 
followed 52 h later by another subcutaneous injection 
of varying doses of native hCG or rehCG-/3/urinary a. 
Control animals (C) received no hormone after PMSG 
priming. At 18-20 h after hCG treatment, the oviducts 
were excised to determine the number of ovulated ova. 
The number of rats that ovulated per total number 
injected is shown at the top of each column. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides a 
biologically active glycoprotein hormone, at least one 
subunit of which has been produced by expression in a 
procaryotic cell. The invention also provides methods 
for expressing glycoprotein hormone subunit-encoding 
DNA sequences in procaryotes, and for purifying 
procaryotically-expressed subunits in an unfolded form 
and re-folding those proteins to produce assembly- 
competent glycoprotein hormone subunits. Biologically 
active hormones are produced by assembling the 
recombinant subunits, either with other recombinant 
counterpart subunits or with native counterpart 
subunits. As used herein, the term "counterpart 
subunit" refers to one or the other of the two non- 
identical subunits (ot or 0) comprising a glycoprotein 
hormone heterodimer. For example, if a 0 subunit is 
discussed, its counterpart subunit is an a subunit. 

Recombinant glycoprotein hormones produced 
by the methods described herein possess at least one 
biological activity of a naturally-occurring 
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glycoprotein hormone. These activities include a 
receptor binding activity and a signal-transducing 
activity (as defined in the Background section) , to 
elicit the biological response attributable to the 
respective glycoprotein hormones (e.g., stimulation of 
CAMP production and in vivo stimulation of ovulation) . 
In one embodiment of the invention, the recombinant 
glycoprotein hormones described herein possess both a 
receptor binding activity and a signal-transducing 
activity. In another embodiment, glycoprotein 
hormones comprising deglycosylated a and _/3 subunits 
are produced, which possess a receptor binding 
activing but no signal-transducing activity. These 
recombinant glycoprotein hormones are useful as 
antagonists for native glycoprotein hormones. 

Sections I-III below set forth details and 
preferred embodiments for practicing the present 
invention, including: (1) procaryotic expression and 
purification of unfolded glycoprotein hormone 
subunits; (2) re-folding of unfolded subunits to 
produce assembly-competent subunits and biologically 
active hormones; and (3) uses of the recombinant 
glycoprotein hormones to replace naturally-occurring 
and eucaryotically-expressed glycoprotein hormones in 
currently available treatments for pathological 
conditions associated with glycoprotein hormone under 
expression, and use of recombinant glycoprotein 
antagonists as anti-fertility agents or for treatment 
of pathological conditions associated with over- 
expression of glycoprotein hormones. 

In the description that follows, unless 
otherwise specified, standard cloning and recombinant 
DNA procedures, such as those described in Sambrook et. 
al., Molecular Cloning, Cold Spring Harbor Laboratory 
(1989) (hereinafter "Sambrook et al.") are used. To 
the extent that other specific materials are 
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mentioned, it is merely for purposes of illustration 
and is not intended to limit the invention. 

I. Procaryotic Expression and Purification 
of Unfolded Glycoprotein Hormone 
Subunits 

In accordance with the present invention, 
biologically active glycoprotein hormones are produced 
by expression in a procaryotic system of DNA segments 
encoding the respective a and 0 subunits. Any DNA 
segment encoding an a or 0 subunit of CG X LH, FSH or 
TSH, from any species possessing such hormones, is 
contemplated for use in the present invention. Human 
cDNAs are preferred, though genes may also be useful 
in some cases, and cDNAs or genes from non-human 
15 species may also be preferred for certain uses, e.g., 
production of glycoprotein hormones for veterinary 
use. DNA segments encoding o or |3 subunits of various 
glycoprotein hormones are currently known. These 
include, but are not limited to, CG-cr and CG-/S from 
20 human, primates, horse, hamster and various fishes, 
including carp; LH-0 from human, cow, sheep, pig and 
rat; FSH-/? and TSH-0 from human, cow and sheep (see 
generally, Rvan et a l . . 1987, supra). 

In a preferred embodiment, exemplified 
25 extensively herein, cDNAs encoding the a or 0 subunits 
of hCG are utilized for procaryotic expression. HCG 
is one of the best characterized glycoprotein 
hormones, and is known to be capable of substituting 
for other gonadotropins, such as LH and FSH, for 
30 various clinical disorders (see Basic and Clinical 

Pharmacology, supra) . However, exemplification of hCG 
is not intended to preclude the use of other genes or 
cDNAs, as described above. Furthermore, if a cDNA or 
gene encoding a particular glycoprotein hormone 
35 subunit is unavailable, it may be obtained by a 
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variety of methods known in the art. For example, an 
appropriate cDNA library (e.g., human, in a preferred 
embodiment) may be screened with heterologous cDNAs or 
homologous cDNA fragments, if available, or 
5 oligonucleotide probes, derived from currently 

available sequence information. Alternatively, cDNA 
expression libraries may be screened with antibodies 
raised against related glycoprotein hormone subunits, 
according to methods well known in the art. 
10 Similarly, genomic libraries may be screened with DNA 
probes or antibodies. It is comparatively easy to 
obtain DNA segments encoding a selected glycoprotein 
hormone subunit by these screening methods, because of 
the high level of conservation among subunits obtained 

15 from different hormones or different species, 

especially with respect to the a subunit. Concerning 
the a subunit, it will be appreciated by one skilled 
in the art that a single a subunit, such as hCG-a may 
serve as a common subunit for assembly with 0 subunits 

20 from various sources, due to the identity of the a 

subunit among glycoprotein hormones within a species. 
For this reason, the a subunit is sometimes referred 
to herein as a "common a subunit." 

Where DNA sequence information is known, a 

25 DNA segment encoding a glycoprotein hormone a or |3 
subunit may also be prepared by oligonucleotide 
synthesis, according to known methods. Long, double- 
stranded polynucleotides may be synthesized as several 
smaller segments of appropriate complementarity, and 

30 the complementary segments annealed and ligated to 

construct a DNA segment encoding the desired subunit. 
A synthetic DNA molecule so constructed may then be 
cloned and amplified in an appropriate vector. 

Glycoprotein hormone subunit-encoding DNA 

35 segments may be maintained in any convenient 
procaryotic cloning vector. Because of the 
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comparatively small size of the DNA segments encoding 
the subunits (e.g., approx. 0.5 kb) , numerous vectors 
are available. in a preferred embodiment, the DNA 
segments are maintained in a cloning/expression vector 
suitable for use in a selected procaryotic expression 
system. 

In accordance with the present invention, 
DNA segments encoding the a or fi subunits of selected 
glycoprotein hormones may be expressed in any 
procaryotic expression system, many of which are 
commercially available. Expression systems developed 
in E. coli are preferred for practice of the present 
invention, inasmuch as E. coli is capable of 
recognizing transcription and translation signals from 
a wide variety of organisms, and E. coli expression 
systems have been developed for expression of various 
eucaryotic DNA sequences. other bacterial (e.g., 
Bacillus subtilis) expression systems may also be 
useful for practice of the invention, provided that 
the subunit-encoding DNA sequences are placed under 
control of appropriate bacterial transcription and 
translation regulatory regions. 

In a preferred embodiment, the E. coli/pET 
expression system is used for expression of 
25 glycoprotein hormone subunits. Plasmids and host 

strains of the pET expression system are commercially 
available (Novagen, Tnc, Madison, WI) . Utilizing 
this system, selected DNA segments may be inserted 
into the appropriate plasmid under control of 
30 procaryotic regulatory sequences, and proteins may be 
expressed in inclusion bodies of the bacterial cells. 
Alternatively, the selected DNA segments may be fused 
to a DNA segment encoding a signal sequence to enable 
secretion of the expressed recombinant protein into 
35 the periplasmic space. 
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As described in the Background section, and 
in greater detail hereinbelow, the intracellular 
environment of bacteria such as E. coli possesses a 
reducing redox potential that is not conducive to the 
folding of proteins that normally form disulfide 
bonds, such as both subunits of glycoprotein hormones. 
As a result, expression of glycoprotein subunit- 
encoding DNA segments in bacteria results in the 
production of unfolded polypeptide, which has been 
shown to accumulate in inclusion bodies, and may also 
accumulate in the periplasmic space (in the case of 
expression/secretion systems) . If an 
expression/secretion system is utilized (by placing 
the subunit-encoding DNA segment under the direction 
of a suitable leader sequence) , unfolded glycoprotein 
hormone subunit may be purified from the culture 
medium according to standard protocols, including 
various column chromatographic procedures (e.g., HPLC) 
or affinity purification using antibodies that 
immunospecif ically bind to unfolded a or /3 subunits. 

In some cases, it may be undesirable or 
ineffective to express glycoprotein hormone subunits 
under control of a secretion leader sequence. For 
example, it may be determined that such leaders are 
ineffective in directing the bulk of the expressed 
protein to the periplasmic space, such that mature 
protein accumulates both inside and outside the 
bacterial cell. Additionally, it may be determined 
that the presence of a leader sequence, if not 
properly cleaved during secretion, inhibits the 
folding of the expressed glycoprotein subunit. Such 
limitations have been found associated with the 
expression of hCG-0 in E. coli, as described in 
greater detail in Example 2. Accordingly, a preferred 
embodiment of the invention calls for expressing a 
glycoprotein hormone subunit in E. coli inclusion 



inclusion bodies according to the following methods. 
First, inclusion bodies are separated from the 
remainder of components of the E. coli cells and 
culture medium, according to known methods. For 
example, as described in greater detail in Example 2 
below, inclusion bodies containing unfolded hCG-j5 
bacterial cells are pelleted and lysed in an isotonic 
lysis buffer comprising lysozyme and EDT&, to form 
protoplasts, which are pelleted, resuspended and 
homogenized at least once in a detergent-containing 
buffer, such as 1% Triton X-100. The final 
homogenization step should be performed in a buffer 
containing deoxycholate. In accordance with the 
present invention, we have determined that 
deoxycholate selectively solubilizes lipids while 
leaving most of the hCG-0 in the inclusion bodies, 
thus affording a high degree of purification in' the 
solubilization step. Inclusion bodies are then 
recovered by centrifugation and washing and are 
solubilized in a buffer containing, e.g., 50 mM Tris- 
HC1 ( P h 8.7), 8 M urea, and 50 mM dithiothreitol (DTT) 
at 37 °c for one hour under argon, to prevent 
oxidation. Unfolded j8 subunit is purified from 
solubilized inclusion bodies by reversed-phase HPLC 
column chrorootography, as described in greater detail 
in Example 2. Fractions containing the subunit are 
pooled and concentrated, to yield milligram quantities 
of unfolded hCG-0. For example, the yield of hCG-0 in 
this system was approximately 6-7 mg/1 from a 200 ml 
starting culture and -25 mg/1 from a 2.5 1 starting 
culture, as compared to 0.1 mg/1 average yield in 
commonly-used eucaryotic expression systems. 
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Unfolded glycoprotein hormone subunits (a or 
fi) prepared by the methods described above for hCG-0 
may be used immediately for re-folding and assembly 
into biologically active glycoprotein hormones, as 
5 described hereinbelow. Alternatively, the unfolded 

protein may be stored at -70°C for a brief time (i.e., 
1-2 days) , and then used for refolding and assembly of 
hormones. 

Although the expression and purification of 
10 hCG-0 has been described and exemplified hereinabove, 
it will be appreciated by those of skills in the art 
that the same expression and purification techniques 
can be applied to any of the glycoprotein hormone 
subunits, due to their strong similarities in 
15 structure and physical properties. Of course, the 

same methods for purifying inclusion bodies comprising 
any of the glycoprotein hormone subunit may be 
utilized. Additionally, the conditions described in 
Example 2 for HPLC purification of hCG-0 from 
solubilized inclusion bodies may be applied to the 
purification of subunits of other glycoprotein 
hormones, with minimal modifications. Additionally, 
these HPLC methods may also be used to purify secreted 
glycoprotein hormone subunits from culture medium, if 
25 an expression-secretion system is used for producing 
the proteins. 

II. Preparation of Assembly-Competent 
Glycoprotein Hormone Subunits and 
Biologically-Active Glycoprotein 
30 Hormones 

As described above, the expression of 
recombinant disulf ide-containing proteins in 
Escherichia coli may result in the formation of 
inclusion bodies composed of aggregated protein with 
35 non-native disulfide bonds. Proteins that normally 
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form disulfide bonds during folding in the endoplasmic 
reticulum (ER) are particularly susceptible to this 
type of aggregation in E. coli due to the more 
reducing potential of the bacterial cytoplasm 
(Wunderlich * Glockshuber, 1993 , supra) compared to 
that of the ER of mammalian cells (Huang et al 
science 257: 1496-1502, 1992). Thus, a challenge in 
the field of biotechnology is to fold these 
recombinant proteins in vitro while allowing correct 
disulfide bond formation. However, no standardized in 
vitro conditions have been found that support the 
oxidative folding of proteins i„ vitro (Fischer et 
al., Biotechnol., Bioeng. 41: 3-13, 1993). 

Many oxidation conditions for refolding 
proteins have been reported, such as air oxidation and 
oxidation with chemical reagents such as oxidized 
glutathione, oxidized DTT, cystine, and cystamine. 
Disulfide bond formation during protein folding has 
also been facilitated by proteins such as mammalian 
protein disulfide isomerase (PDI) , which does not seem 
to change the folding pathways, and by PD I from E. 
coli (DsbA) . Moreover, PDI and DsbA have been shown 
to be required for disulfide bond oxidation in cells 
(Bardwell et al., Cell 67: 581-589, 1991; Bulleid et 
al., Nature 335: 649-651, 1988). 

As mentioned, significant sequence homology 
exists among the 0 subunits of the glycoprotein 
hormones, including conservation of 12 cysteines that 
comprise six disulfide bonds in these proteins 
Common to each hormone, biological activity depends on 
assembly of the a and fi subunits. We have previously 
found that the rate-limiting event in subunit assembly 
in cultured cells is the folding of hCG-0 (Ruddon et 
al., J. Biol. Chem., 262: 12533-12540, 1987). We have 
also found that folding of hCG-/? to an assembly- 
competent conformation requires the formation of 
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specific disulfide bonds, and we have described a 
folding pathway of this protein based on the order of 
formation of the 6 disulfide bonds. Importantly, this 
same pathway has been identified in two different 
cultured cell lines (Bedows et al., J.Biol.Chem. 267 : 
8880-8886, 1992; Huth et al., J. Biol. Chem. , 267 ; 
21396-21403, 1992a) as well as in vitro (Huth et al., 
J.Biol.Chem. £68: 16472-16482, 1993). The folding 
pathway can be summarized as follows, where cysteines 
that become disulf ide-linked in a particular 
transition of the folding pathway are indicated. 



hCG Residue 
34-88 
38-57 

9-90, 23-72 

93-100 

26-110 



Transition 
PPO -» pPl-early 

ppl-early -♦ ppi-late 

pPl-late -» pP2-free 

pP2-free -» pp2-combined-early 

pP2 combined-early -» pp2-combined-late 
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The rate-limiting event in the folding 
pathway is the conversion from p/3l-late to p/32-free, 
which results in an assembly-competent conformation of 
this subunit. We have determined the t l/2 for this 
folding event to be 4 min in cultured cells (Bedows et 
al., 1992, supra) and 25-80 min in vitro (Huth et al., 
1993, supra). in vitro, a t 1/2 of 25 min was observed 
when protein disulfide isomerase in a glutathione 
redox buffer catalyzed the folding of reduced and 
urea-denatured hCG-0 , whereas the slower in vitro rate 
was observed in the glutathione redox buffer alone 
(Huth et al., 1993, supra). Protein disulfide 
isomerase in a glutathione redox buffer was also found 
to catalyze the assembly of p/32-free with hCG-a by a 
mechanism that involves reduction of the carboxyl- 
terminal disulfide bonds of hCG-/3 (Huth et al., 1993, 
supra) . 
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The folding constraints described 
hereinabove for hCG-/S are expected to be equally 
applicable to both a and 0 subunits of the other 
glycoprotein hormones, due to the high conservation of 
disulfide bonds among the various hormones. This 
expectation is even further supported by a recent 
report of the crystal lographic structure of intact hCG 
(a/0 dimer) , which showed that both the a and 0 
subunits possess a common disulf ide-bonded "cystine 
knot" motif (Lapthorn et al., Nature, 1994; in press). 
Accordingly, it is extremely likely that. other a and 0 
subunits will follow the same re-folding pathway as 
described above for hCG-0. 

Protein folding of glycoprotein hormone 
15 subunits in vitro requires reagents that support 

disulfide bond formation but that do not interfere 
with the normal protein folding process. The 
mechanism for disulfide formation in vivo is thought 
to occur via a mixed disulfide intermediate involving 
a protein thiol group and an external thiol such as in 
glutathione or in PDI. A second protein thiol attacks 
this mixed disulfide bond (Wetlauer, Meth. Enzymol. 
107: 310-302, 1984). Ideally, during oxidative 
folding, the rate of forming the mixed disulfide does 
25 not lag behind the folding rate that positions two 

cysteines in proximity for a disulfide bond to form. 
In the case of ribonuclease A, the rate of forming 
mixed disulfide bonds was limiting in refolding this 
protein in vitro (Rothwarf & Scheraga, Biochemistry 
30 32: 2690-2697, 1993). Furthermore, if a mixed 

disulfide bond with an external oxidizing agent forms 
too slowly, both cysteine thiols may become buried in 
the interior of the folding protein and become 
inaccessible to the external oxidant. Such an 
35 occurence has been found to retard the folding pathway 
of bovine pancreatic trypsin inhibitor (Weissman & 
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Kim, Cell 21: 841-851, 1992). On the other hand, if 
two protein thiols form mixed disulfide bonds with 
external oxidants, the formation of an intramolecular 
S-S bond will be hindered and folding may be slowed. 
5 To prevent oxidation of both cysteines, excess 
reducing agent is normally present in the redox 
buffer. As these examples show, the interplay of 
disulfide chemistry with protein conformational 
changes can determine how rapidly a protein folds. 

10 As desribed hereinbelow and in Examples 1 

and 2, we have formulated redox buffers capable of 
enabling disulfide bond formation without interfering 
with the normal folding process of glycoprotein 
hormone subunit proteins. These buffers support in 

15 vitro folding of glycoprotein hormone subunits at 

rates approaching in vivo folding rates. In addition 
to being excellent folding buffers for glycoprotein 
hormone subunits, these redox buffers may be used to 
advantage as general reagents for in vitro folding for 

20 disulfide-containing proteins, since any disulfide- 

containing protein is subject to the same constraints 
as those described above for glycoprotein hormone 
subunits. 

The redox buffers used for glycoprotein 
25 hormone subunit refolding in accordance with the 

present invention were designed to mimic conditions in 
the endoplasmic reticulum of mammalian cells, where 
these subunits normally fold. Accordingly, we have 
determined appropriate redox potentials, molarities, 
30 reagents and additives for these redox buffers, which 
enable folding of assembly-competent glycoprotein 
hormone subunits, and assembly of biologically active 
glycoprotein hormones. 

Numerous reagents and oxidizing conditions 
35 for refolding proteins have been reported, such as 

reduced and oxidized glutathione, reduced and oxidized 
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DTT and cysteamine/cystamine, among others. Protein 
disulfide isomerase (PDI) from mammals or bacteria 
(i.e., DsbA) have also been found to facilitate 
folding of disulf ide-containing proteins. To the 
5 extent that these reagents are mutually compatible, 
they and other similar reagents are contemplated for 
use in the present invention. The redox buffers of 
the invention generally comprise a redox pair, such as 
oxidized and reduced glutathione or 

10 cysteamine/cystamine. The redox pair should be 

adjusted in concentration and ratio to achieve a redox 
potential of between about -145 to -200 mV, which is 
the optimal range for re-folding of hCG-0, and is also 
the expected optimal range for the homologous 0 

15 subunits as well as the common a subunit, since they 
all possess a common disulf ide-bonded "cystine knot" 
motif, as elucidated by x-ray crystallography 
(Lapthorn et al., 1994, supra). 

In a preferred embodiment of the invention, 

20 the cysteamine/cystamine redox pair is utilized in a 
simple, inexpensive thiol folding buffer. 
Cysteamine/cystamine redox buffers are described in 
detail in Examples l and 2, in relation to in vitro 
folding of chemically unfolded or bacterially 

25 expressed HCG-/8. The total concentration of 

cysteamine/cystamine in such a redox buffer should be 
between about 2 mM and about 10 mM. For optimum in 
vitro folding, the cysteamine/cystamine redox buffer 
should be maintained at an alkaline pH, preferably at 

30 about pH 8.7. The cysteamine/cystamine redox pair may 
be disposed in any buffer capable of adequate 
buffering around the desired pH. For example, in a 
preferred embodiment, 50 mM Tris-HCl, pH 8.7, is 
utilized. Thus, a preferred thiol redox buffer for 

35 use in refolding bacterially expressed glycoprotein 
hormone subunits comprises, e.g., 6.4 mM cysteamine 
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and 3.6 mM cystamine in 50 mM Tris-HCL, pH 8.7. It 
will be appreciated by those skilled in the art that 
this redox buffer may be varied to suit slight 
differences in refolding parameters associated with 
other glycoprotein hormone subunits, but that such 
adjustments are merely for optimization of refolding 
rates. 

If glycoprotein subunits are being prepared 
for later assembly, the thiol redox buffer may be 
modified by adding 2 M urea, which, in accordance with 
the present invention, has been found to^faciliate 
folding efficiency (see Example 2) . Urea should be 
removed by dialysis or similar dilution methods prior 
to using the folded subunit for assembly into 
heterodimers . 

In an alternative embodiment, a thiol redox 
buffer comprising reduced and oxidized glutathione is 
utilized for refolding glycoprotein hormone subunits. 
Preferably, the glutathione redox buffer also contains 
protein disulfide isomerase (PDI) , which has been 
found to accelerate folding rates of the glycoprotein 
hormone subunits in glutathione redox buffers (See 
Examples l and 2). A glutathione/PDI redox buffer may 
be preferred in some instances, since it may promote 
somewhat more efficient assembly of subunits than the 
cysteamine/cystamine redox buffer under certain 
conditions (See Example 1) . However, inclusion of PDI 
in the redox buffer increases the cost of such 
buffers, and is therefore not preferred for large- 
scale refolding reactions, such as those that may be 
employed for production of commercially significant 
quantities of glycoprotein hormones. 

Glutathione redox buffers should comprise a 
combined concentration of oxidized and reduced 
gluthathione of about 2mM and a ratio of reduced to 
oxidized glutathione of approximately 6 to 1. 
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Glutathione redox buffers are preferably maintained at 
a neutral or slightly alkaline p H , e.g., about pH 7.4, 
in an appropriate buffer, such as 50 mM sodium 
Phosphate (though a pH of as high as 8.7 may be used). 
Thus, an example of a preferred glutathione buffer for 
use in the present invention comprises 1.7 mM reduced 
glutathione, 0.27 mM oxidized glutathione and 17. 1 uM 
PDI (i.e. lmg/ml) in 50 mM sodium phosphate, pH 7.4. 
It will be appreciated by those skilled in the art 
that the glutathione redox buffer may be modified to 
optimize refolding of different glycoprotein hormone 
subunits. 

The cysteamine/cystamine and glutathione 
redox buffers described hereinabove can be used for 
small- and large-scale in vitro refolding reaction 
involving bacterially expressed unfolded glycoprotein 
hormone subunits. Both of the aforementioned redox 
buffers were designed to mimic the redox conditions 
found in the eucaryotic endoplasmic reticulum, and to 
effect a redox potential of between -145 and -200 mV 
Additionally, these and similar buffers are useful 
for folding other disulf ide-containing proteins, as 
described hereinabove. 

Procaryotically expressed glycoprotein 
hormone subunits are folded into assembly-competent 
conformations and assembled into biologically active 
glycoprotein hormones in the above-described thiol 
redox buffers. To accomplish this, an appropriate 
concentration of unfolded subunit is added to an 
aliquot of buffer, and incubated at a suitable 
temperature (i.e. 22-28* C) for a pre-determined 
amount of time to enable the subunits to fold. In 
accordance with the invention, it has been discovered 
that in vitro folding of glycoprotein hormone subunits 
is faciliated by adding unfolded subunit to redox 
buffer at dilute concentrations of the protein (e.g., 



10 



15 



WO 95/32216 PCT/US95/06616 

- 29 - 

0.02 to 0.05 mg/ml) . Example 2 describes in detail 
the re-folding of bacterially-expressed hCG-/S in the 
buffers, and under the conditions, described 
hereinabove. Typically, refolding reactions were 
5 incubated for 1 min - four hours at room temperature, 
although higher temperatures and concomitantly 
different incubation times, may be utilized, if 
desired. 

The folding reactions described hereinabove 
result in the formation in assembly-competent 
glycoprotein hormone subunits, which may^be used 
immediately in assembly reactions, or which may be 
stored at -70° C for future use. 

Biologically active glycoprotein hormones 
are assembled from recombinant and/or native subunit 
in a variety of ways. In one embodiment, a 
bacterially-expressed subunit is refolded in the 
presence of a naturally-occurring counterpart subunit, 
thereby producing the biologically active heterodimer 
20 within a single refolding reaction. This embodiment 
is described in Example 2, wherein bacterially- 
expressed hCG-/3 is folded and assembled with urinary 
hCG-a. 

In an alternative embodiment, both the o and 
25 the 0 subunits may be folded separately and combined 
in the thiol redox buffer for assembly into a 
biologically active glycoprotein hormone. in yet 
another embodiment, unfolded a and 0 subunits may be 
combined in the same refolding reaction, whereby both 
3 0 subunits are folded and assembled in that reaction. 

Biologically active recombinant heterodimers 
produced as described above may be purified from the 
reaction mixture by standard methods, such as HPLC or 
conventional ion exchange chromatography. For 
35 instance, as described in Example 2, a recombinant 

hCG-0/a dimer was purified from the reaction medium by 
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inj ction onto a DEAE column followed by elution in a 
0-1 M NaCl gradient in a neutral phosphate buffer over 
100 minutes. 

After biologically active glycoprotein 
5 hormones have been purified from the refolding medium, 
they may be tested for biological activity by in vitro 
and in vivo assays known in the art. For example, 
receptor binding activity may be tested in a in vitro 
assay by binding to the CG/LH receptor in appropriate 

10 culture target cells, such as the human fetal kidney 
cell line, designated "293" cells, transfected with 
the CG/LH receptor gene (Dunkel et al., 1993, supra). 
These same cultured cells may be utilized for in vitro 
assays of signal transduction activity, by assaying 

15 for the ability of the recombinant glycoprotein 

hormones to stimulate cAMP production in "293" cells 
(See, e.g., Dunkel et al, 1993, supra). The use of 
these two in vitro assays is described in Example 2, 
wherein it was shown that a heterodimer comprising 

20 bacterial ly expressed hCG-/?/urinary hCG-a was capable 
of binding to the CG/LH receptors of 293 cells, and 
was further capable of stimulating cAMP production in 
those cells. 

Recombinant glycoprotein hormones may also 

25 be tested for biological activity in in vivo assay 
systems. For instance, as set forth in Example 2 
herein, the recombinant hormone produced as described 
in Example 2 was tested for the ability to stimulate 
ovulation upon injection into mice. This in vivo 

30 assay demonstrated that the recombinant hCG described 
in Example 2 was capable of exerting this in vivo 
biological activity, which implied its ability to bind 
to appropriate receptors in vivo and to exert a signal 
transduction activity. 
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III. METHODS OF USING P ROC AR YO T I C ALLY PRODUCED 

GLYCOPROTEIN HORMONES 

The recombinant glycoprotein hormones 
described hereinabove can be used for any of the 
5 pharmaceutical purposes for which naturally-occurring 
and eucaryotically expressed glycoprotein hormones are 
currently used. These uses include, but are not 
limited to: stimulating ovarian follicle development 
and ovulation in women, inducing spermatogenesis and 

10 testosterone production in men, or for treatment of 
other forms of hypogonadism or conditions associated 
with gonadotropin or TSH deficiencies. Dosages of 
glycoprotein hormones for treatment of these various 
conditions in men and women are well developed, as set 

15 forth, for example, in Basic and Clinical 

Pharmacology, supra. Once the potency and biological 
activity of the recombinant proteins described herein 
have been determined, dosages can be standardized by 
International Unit (IU) , according to methods well 

20 known to medicinal chemists. 

The recombinant glycoprotein hormones 
produced in accordance with the present invention may 
also be used for various veterinary purposes. For 
example, eguine CG or bovine, eguine or porcine LH may 

25 be produced in bacteria and used to induce ovulation, 
spermatogenesis, etc., in the respective animals. 
Accordingly, to the extent that the term "patient" is 
used herein, it refers to both humans and animals. 

In another embodiment, fully deglycosylated 

3 0 recombinant glycoprotein hormones produced according 
to the methods of the invention may be used and 
developed for use as antagonists to native 
glycoprotein hormones. As described hereinabove, such 
fully deglycosylated hormones have been found to act 

35 as antagonists to naturally occurring hormones. 

Accordingly, such hormones may be utilized as anti- 
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fertility agents or for treatment of pathological 
conditions associated with overproduction of certain 
of the glycoprotein hormones, (e.g., hyperthyroidism). 

Finally, it will be appreciated by those 
skilled in the art that, if desired, procaryotically 
produced glycoprotein hormone subunits may be re- 
glycosylated by various chemical or enzymatic means 
(e.g., via glycosyl transferases). Re-glycosylated 
subunits may then be used as described above to 
produce glycoprotein hormones with signal transduction 
activity. 

The following examples are provided to 
describe the invention in greater detail and to 
present preferred embodiments of the invention. These 
examples are intended to illustrate, not to limit, the 
invention. 

EXAMPLE 1 

Redox Conditions for Stimulating of in vitro 
Folding and Assembly of the Glycoprotein 
Hormone Chorionic Gonadotropin 

In this Example, we present the results of a 
comparison of redox conditions involving cysteamine, 
cystamine, oxidized and reduced glutathione, and 
mammalian protein disulfide isomerase in order to 
identify a redox buffer composed of low molecular 
weight components that is as efficient as protein 
disulfide isomerase in supporting the oxidative 
folding of a model substrate, the j8 subunit of human 
chorionic gonadotropin (hCG-0) . The intracellular 
folding pathway of this protein has been 
characterized, as described in the Detailed 
Description (Huth et al., 1992a, supra; Huth et al., 
J.Biol.Chem. 267: 2870-8879, 1992b, Ruddon et al., 
1987, supra), allowing a direct comparison of in vitro 
folding rates to that which normally occurs in cells. 
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In this way, we have identified optimal in vitro hCG-p 
folding conditions by employing two types of oxidizing 
reagents that have both been reported to be the major 
oxidant in the endoplasmic reticulum (ER) of mammalian 
cells: glutathione and cystamine. 

In the results that follow, we show that in 
a buffer composed of cysteamine and cystamine, the 
same rate of folding p0l-late to p02-free (see Section 
II in the Detailed Description) and of assembly of 
p/32-free with hCG-a occurs as in the presence of 
protein disulfide isomerase in an optimal glutathione 
redox buffer. Furthermore, the rates of folding and 
assembly of hCG subunits in this cysteamine/cystamine 
redox buffer approach the rates of these processes 
15 that normally occur in intact cells. 

MATERIALS AND METHODS 

Materials. [ 35 S] cysteine -p/3l and 
[ 35 S)cysteine-p02 were obtained from metabolically 
labelled JAR choriocarcinoma cells as described 

20 previously (Huth et al., 1993, supra). Urinary hCG-a 
was obtained from Dr. Gabrial Bialy from the National 
Institutes of Health. Bovine liver protein disulfide 
isomerase was purchased from Takara Biochemical (Palo 
Alto, CA) and diluted with water to 10 mg/ml (10X 

25 stock) for use in folding and assembly assays. 

Recombinant rat liver PDI was also used in assembly 
assays and did not differ in efficacy of catalyzing 
assembly of hCG a and 0 subunits. Cystamine and 
cysteamine were purchased from Aldrich Chemical Co. 

30 (Milwaukee, WI) . stock 100 mM solutions of each were 
prepared in 10 mM HC1 within 30 min of the in vitro 
assay. 10X stock solutions consisted of 17.3 mM 
cysteamine and 2.7 mM cystamine, or 63.7 mM cysteamine 
and 36.3 mM cystamine. All 10X redox buffers were 

35 prepared in 10 mM HC1 to slow the rate of air 
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oxidation. After dilution to IX, the value of 
treductant] 2 / [oxidant] was maintained at 11. l mM in 
both the 2 mM and 10 mM buffers (final concentration) . 
Glutathione redox buffers were prepared similarly and 
5 the final concentrations of reduced and oxidized 

glutathione in the 2 mM or 10 mM redox buffers were 
the same as the concentrations of oxidant and 
reductant in the cysteamine/cystamine buffers. The 
standard redox potentials of cysteamine and 
10 glutathione have been reported to be nearly the same 
(Keire et al., J.Org.Chem. 5_7: 123-127, 1992). As a 
result, the redox potential of both types of redox 
buffers did not vary in the conditions used in the 
experiments reported here. Given that the standard 
15 redox potential of glutathione is between 0.205 v and 
0.26 v, the redox potential of the buffers used in the 
experiments reported here was calculated to be between 
-145 and -200 mV. We have varied the value of 
[reductant] 2 / [oxidant ) and found optimum folding of 
hCG-/3 to occur between values of 2 and 40 mM (Huth and 
Ruddon, unpublished data). Iodoacetate, sodium salt 
was purchased from Aldrich Chemical Co. (Milwaukee, 
WI) and was diluted in 450 mM Tris-HCl to a 
concentration of 900 mM. The water used in these 
25 experiments was millipore filtered, filter-degassed 
and purged with argon for 15 min prior to use. 

In vitro hCG-/? folding and assembly assays. 
2500 CPM of [ 35 S]cysteine-labelled p/?l (approximately 
50 pg) was purified from JAR choriocarcinoma cells as 
30 previously described (Huth et al., 1993, supra) and 
was added to a 40 »1 reaction consisting of 50 mM 
Tris-HCl, pH 8.7 or 50 mM sodium phosphate buffer, pH 
7.4, 1 mM ethylenediaminetetraacetic acid (EDTA) , and, 
where indicated, 17.5 mM PDI. The redox buffer 
35 consisted of 2 mM or 10 mM of cysteamine + cystamine 
or reduced glutathione + oxidized glutathione. 



20 
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Eppendorf tubes that contained these reactions were 
flooded with argon and then incubated at 37 °C. 
Folding was stopped by the addition of 5 /xl of 900 mM 
iodoacetate in 450 mM Tris-HCl. After 5-10 min of 
alkylation, samples were mixed with 50 /xl of 
nonreducing gel electrophoresis sample buffer (125 mM 
Tris-HCl, pH 6.8, 2% SDS, 20% glycerol, and 40 /xg 
bromophenol blue) . The buffer composition of the 
assembly reactions was identical to that of the 
folding reactions. In these assays, fully oxidized 
[ 35 S]cysteine-p02 was incubated with 1 /xM^hCG-cr. 
Assembly was allowed to occur for times indicated in 
the description of the drawings and was stopped by the 
addition of 5 /xl 900 mM iodoacetate in 450 mM Tris- 
HCl. After 5 min. 50 /xl of ice-cold sample buffer was 
added to the reaction, and the samples were stored 
at -4 to -20 °C before gel analysis. 

Folding intermediates and unassembled versus 
assembled p02 forms were purified on nonreducing SDS- 
PAGE gels and visualized by fluorography as described 
(Huth et al., 1993, supra). 

Quantitation of the rates of folding and 
assembly. The percent folding at each time point was 
determined by comparing the amount of [ 35 S] cysteine in 
the p#2 and p£l loci on the gels (Ruddon et al., 1987, 
supra). Folding of hCG-/3 was assumed to be first 
order, and half-times of folding were determined from 
the initial rates of folding as shown on semilog plots 
(Huth et al., 1993, supra). Similarly, the half-times 
of hCG-0 subunit assembly could be determined by 
quantitating the amount of unassembled p/?2 and p/?2 in 
the hCG dimer. Although assembly is a second order 
process, since hCG-a is in -5000-fold excess in our 
reactions, the reaction is pseudo-first order. The 
half-time of assembly could also be determined from 
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the slopes of semi-log plots as described (Huth et 
al. , 1993 , supra) . 

EXPERIMENTAL RESULTS 

in vitro Folding of hCG-0 

5 The hCG-/3 folding pathway that is summarized 

above (Detailed Description, Section II) includes 5 
transitions that involve disulfide bond formation 
during tertiary and quaternary structure formation in 
this hormone. Here we show the results in vitro 

10 assays in which steps 3 and 4 were reconstituted under 
various redox conditions, step 3 is the rate limiting 
event in the folding of hCG-/3 and results in a 
conformation of hCG-0 that can assemble with hCG-cr. 
Because this folding event is slow, requires specific 

15 redox conditions, and can be inhibited by detergents, 
we are able to purify the [ 35 S]cysteine-p/3l-late 
intermediate from metabolically labelled, detergent- 
solubilized JAR cells and store it at acidic pH for 
use in refolding reactions. In the remainder of this 

20 report, p/?l-late will be referred to as p/?l for 

simplicity. Step 4 refers to the assembly of the hCG 
subunits where the carboxyl-terminal disulfide bonds 
of hCG-0 are reduced. This is required for efficient 
assembly to occur (Huth et al., 1993, supra). The 

25 assembly reaction can be reconstituted in vitro by 
purifying completely oxidized [ 35 S]cysteine-p/?2-f ree 
from cells. During the assembly reaction in vitro, 
redox reagents enhance the rate of assembly by 
facilitating the isomerization of the carboxyl- 

30 terminal disulfide bonds of p/32-free. In the rest of 
this report, we refer to p#2-free simply as p02. 

The intermediates involved in these in vitro 
folding reactions, p£l, P02, and dimer hCG, have all 
been distinguished by antibody reactivity, migration 

35 on C 4 reversed-phase HPLC, migration on nonreducing 
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SDS-PAGE gels, and by peptide mapping on reversed- 
phase HPLC. in the experiments reported here, the 
efficiency of folding and assembly was monitored by 
shifts among the ptfl and p/32 intermediates and the hCG 
dimer on nonreducing SDS-PAGE gels. 

Shown in Figure 1 are examples of the p£l to 
P/32 folding reaction that illustrate the differences 
that we have identified while folding hCG-/8 under 
various redox conditions. in these experiments, 
approximately 50 pg of the [ 3J S] cysteine-p/Ji folding 
intermediate was incubated in oxidized and reduced 
glutathione or cysteamine/cystamine redox buffers, 
with or without 1 mg/ml PDI, for times ranging from 5- 
80 min. p0i was separated from p02 on nonreduced SDS- 
PAGE gels, and the bands Were visualized by 
fluorography (Ruddon et al., 1987, supra). The first 
observation is that PDI can catalyze the folding of 
p/3l as was demonstrated in our earlier report (Huth et 
al., 1993, supra) (compare Figure 1A to IB). 
Furthermore, the choice of the type of redox buffer 
can markedly affect the rate of p£i folding. A 
comparison of Figures 1A and 1C shows how the folding 
rate is faster in a cysteamine/cystamine redox buffer 
than in a glutathione redox buffer. We also found 
that under some redox conditions, PDI could inhibit 
the folding of p/?i by forming stable complexes with Pi 8 
forms (Figure ID) . Finally, different heterogeneity 
was found in the p/32 locus depending on the redox 
conditions used. We have found that in the 
glutathione redox buffers, a heterogeneous population 
of p02 results (Figure IB) that differs in the extent 
of oxidation of the car boxy-terminal disulfide bonds 
(Huth and Ruddon, unpublished data) . However, a more 
homogeneous population of p/32 formed in the 
cysteamine/cystamine redox buffer (Figure 1C) . 
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optimal Folding Conditions for hCG-0 

Because the different redox conditions 
resulted in different efficiencies of folding hCG-0, a 
parallel set of conditions involving cysteamine and 
cystaroine or oxidized and reduced glutathione with and 
without PDI was tested in this hCG-0 folding reaction 
in order to find optimal conditions for each redox 
buffer, shown in Table 1 is summary of the initial 
rates of folding pjSl-late to p02-free and the 
efficiency of these reactions in the glutathione or 
cysteamine/cystamine redox buffers, where the total 
amount of oxidant and reductant was 2 or 10 mM and the 
pH either 7.4 or 8.7. Also shown in this table is the 
effect of l mg/ml PDI under each of these redox 
conditions. 

In the 2 mM glutathione redox buffer in the 
absence of PDI, the initial rate was faster at pH 8.7 
although the efficiency of folding to p02 was 
diminished. Increasing the concentration of the redox 
buffer from 2 mM to 10 mM, while maintaining the same 
redox potential, did not significantly improve the 
rate or efficiency of folding, in all of the 
glutathione buffers tested, PDI increased the rate of 
folding. However, the efficiency of folding was 
limited in the presence of PDI due to formation of a 
stable complex between [ 35 S]cysteine-labelled p0 forms 
and PDI that was detected on nonreducing gels (see 
Figure 1) . a greater proportion of p,8 forms complexed 
with PDI in the pH 8.7 buffers. Overall, the 
glutathione reaction condition that resulted in the 
best rate and efficiency of folding of P 0i was 2 mM 
glutathione at pH 7,4 in the presence of PDI. 
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In cysteamine/cystamine redox buffers, pjSl 
folding rates were ~2 -fold faster than those observed 
in analogous glutathione redox buffers, and in both 
redox buffers p01 folded faster at pH 8.7 than at pH 
5 7.4. PDI increased the rate of hCG-0 folding at pH 

7.4 in the 2 mM cysteamine/cystamine redox buffer, but 
had no positive effect on the rate under the other 
conditions. Furthermore, in all of the cysteamine 
solutions tested, PDI bound to 20-60% of p/3 forms 

10 resulting in a lower folding efficiency. Complex 
formation was particularly apparent at pH 8.7. 
Overall, the optimal rate of folding of hCG-0 occurred 
at pH 8.7 in the presence of 10 mM cysteamine + 
cystamine, without PDI. 

15 In comparing the redox conditions shown in 

Table 1, we found that the optimal 
cysteamine/cystamine buffer and the optimal 
glutathione/PDI buffer resulted in similar rates of 
hCG-0 folding. In two independent experiments, the 

20 half-time of folding p01 to p02 in the optimal 

glutathione/PDI redox buffer was 20-22 min (Table 1) . 
This rate is similar to. the 25 min half-time reported 
for the folding of reduced and urea-denatured hCG-0 in 
the presence of this glutathione/PDI buffer (Huth et 

25 al., 1993, supra). In three kinetic studies using the 
optimal cysteamine/cystamine redox buffer, we found 
that the half-time of folding was 16 +/- 4 min (Table 
1) . These in vitro rates of the pjSl to p/32 folding 
event are only 4- to 5-fold slower than the rate 

30 observed in cells (Ruddon et al., 1987, supra). 

In vitro Assembly of taCG-0 and hCG-cr 

We have previously shown that PDI not only 
catalyzes the oxidative folding of hCG-/3 but that this 
enzyme also catalyzes the assembly of fully oxidized 
35 hCG-a and /8 subunits (Huth et al., 1993, supra). The 
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mechanism of PDI -catalyzed assembly seems to involve a 
reduction of the carboxy-terroinal disulfide bonds of 
hCG-0 that results in an assembly competent 
conformation of this subunit. As another test of the 
5 ability of the cysteamine/cystamine redox buffer to 
support the production of hCG, the in vitro assembly 
of [ 35 S]cysteine-p02 with urinary hCG-a was tested with 
this mixture of reagents. Shown in Figure 2 is an 
example of this assay where the unassembled p02 
10 subunit was separated from the a-p/32 dimer on 

nonreducing SDS-PAGE gels at 4°C. The amount of 
[ 3S S]cysteine-labelled hCG-/3 in each gel band was 
determined as described in the Materials and Methods. 
The half-time for assembly in the cysteamine/cystamine 
15 redox buffer, estimated from the initial slopes of 
semilog plots of the extent of folding versus time, 
was found to be 12 min. This rate is comparable to 
the 10-min half-time observed in the PDI— catalyzed 
assembly reaction (Figure 2) and comparable to the 8- 
20 min half-time observed in vivo (Bedow et al., 1992, 
supra) . In the glutathione redox buffer that lacked 
PDI, assembly was inefficient (Figure 2) . This is 
consistent with our earlier studies that showed the 
requirement for overnight incubations in the 
25 glutathione redox buffer alone to achieve significant 
assembly (Huth et al., 1993, supra). While the rates 
of assembly in the cysteamine/cystamine and 
glutathione/PDI buffers were similar, the efficiency 
of assembly was found to be greater in the 
3 0 glutathione/PDI buffer. For example, after 15 min of 
incubation, the extent of assembly reached a plateau 
at 60% in the cysteamine/cystamine redox buffer, 
whereas in the glutathione/PDI buffer, 80% assembly 
was achieved after a 60 min incubation. 

The results of these folding and assembly 
assays indicate that the production of complete hCG 
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can be optimized by a simple buffer system composed of 
cysteamine and cystamine at alkaline pH. 

EXAMPLE 2 

Folding and Assembly into a Functional a/? 

pimer of a Bacter jallv Expressed hec ff 

In this Example, we demonstrate the 
expression of unfolded hCG-0 in the inclusion bodies 
of E. coli, the purification of this unfolded protein, 
and in vitro folding and assembly. We also 
demonstrate biological activity of an hCGL dimer 
composed of nonglycosylated rehCG-/3 and glycosylated 
urinary hCG-a. 

*• MATERIALS AND METHnnfi 
a. Reagents 

A plasmid containing the cDNA for the human 
hCG-/3 gene (sequence disclosed by Fiddes & Goodman; 
Nature 286: 684-687, 1980) was obtained from Dr. 
Fiddes. Purified hCG-a was obtained from the National 
Hormone and Pituitary Distribution Program, NIDDK, 
20 NIH. Cysteamine and cystamine were obtained from 
Aldrich chemical corporation (Milwaukee, WI) . For 
expression of recombinant hCG-0, the pET system 
(Novagen, Madison, WI) was used. Isopropyl-0-D- 
thiogalactopyranoside (IPTG) (United States 
Biochemical Corporation, Cleveland, OH) was used to 
induce protein expression in B121 (DE3) cells 
(Novagen, Madison, WI) . 

b. Construction of the pET Expression 
Plasmid Containin g the hog-fl Gen«> 
30 To prepare the hCG-0 cDNA for ligation into 

the pET-l2a vector, the polymerase chain reaction was 
employed. The 5« sense primer was designed to remove 
the coding region for the mammalian signal sequence of 
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hCG-0 and to insert a restriction site for Nde I. The 
sequence of the 5 1 primer was the following: 
5 1 -AGGAGATATACATATGAGCAAGGAGCCGCTTCGGCCACGG-3 ■ 
(Sequence I.D. No. 1). The 3 1 antisense primer was 
designed to incorporate a Sal I site into the hCG-0 
gene and to add an extra stop codon to ensure 
translation termination. The sequence of this primer 
was : 5 • -GCTGGGGTCG ACTTATTATTGTGGGAGGATCGGGGT- 3 1 
(Sequence I.D. No. 2). PCR reactions were performed 
for 3.0 cycles where each cycle consisted of 
denaturation at 95° for 1.5 min, primer extension at 
53 °C for 1.5 min and elongation at 75°C for 3 min. 
Ten percent of a reaction was analyzed on a 1.2% 
agarose gel to confirm that the size of the amplified 
15 DNA was 471 base pairs. The remaining 90 jxl of the 

reaction was concentrated to 10 /xl, resuspended in 2 00 
^1 of water, and concentrated again to 10 jil in an 
ultrafree-30 ultrafiltration filter (Millipore, 
Bedford, MA) for the purpose of removing salts. The 
20 concentrated and desalted DNA was diluted into a 40 jil 
reaction and digested with 16 units of Nde I and 20 
units of Sal I restriction endonucleases for 2 hrs in 
the following buffer: 50 mM Tris-HCl pH 8.0, 10 mM 
MgCl 2 , 50 mM NaCl. The digested DNA insert was 
25 purified on a 0.7% low melting agarose gel, stained 
with ethidium bromide, and excised from the gel for 
use in the ligation reaction. To prepare the pET-12a 
vector for ligation, 3 tig of the plasmid was digested 
with 8 units of Nde I in the Tris-HCl listed above for 
30 2 hrs at 37 °C. The NaCl concentration was raised to 

150 mM and 10 units of Sal I were added for a second 2 
hr digestion at 37 °C. The linearized plasmid was 
purified on a 0.7% low melting agarose gel, stained 
with ethidium bromide and excised from the gel. 
35 Approximately 5% of the gel slices containing the 

linearized vector and the restriction enzyme-digested 
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hCG-/J gene were combined with 1 unit of T4 DNA ligase 
in a 20 fil reaction with 50 mM Tris-HCl, pH 7.4, 10 mM 
MgCl 2/ io mM DTT, and 0.5 mM ATP. The ligation 
reaction was performed overnight at room temperature 
and was then used to transfect HB101 E. coli cells 
made competent by the CaCl 2 method (Sambrook et al., 
1989, supra). colonies were isolated from LB agar 
plates containing 0.2 mg/ml ampicillin, and used to 
prepare 3 ml cultures in LB broth. Plasmid preps were 
prepared from these cultures (Sambrook et al., 1989, 
supra) and screened for the presence of the hCG-/3 gene 
by digestion with Xbal and Bam HI endonucleases. 
Plasmid from a positive clone was used to transfect 
BL21 (DE3) competent cells (Novagen, Madison, WI) 
15 according to the manufacturer's instructions. 

c. Expression and Purification of 

Recomb inant hCG- ft 

BL21(DE3) colonies that contained the hCG- 
/3/pET plasmid were grown up overnight in LB medium 
20 with 0.05 mg/rol ampicillin or carbenicillin (Sigma 

Chemical Co., St. Louis, MO). Cell suspensions were 
diluted i:ioo in LB medium containing antibiotic and 
grown to an OD^ of 0.3-0.6 before induction with 0.4 
mM IPTG. Cells were induced for 4 hrs at 37 «C. 
25 Expression of hCG-/3 after induction was confirmed by 
Western Blot analysis of induced cells that had been 
fractionated on reducing SDS-PAGE gels. To prepare 
rehCG-/3 for refolding studies, cells from a 200 ml 
induced culture were pelleted and lysed in 10 ml in 
the presence of 1 mg/ml lysozyme, 30 mM Tris-HCl, pH 
8.1, 1 mM EDTA, and 20% w/v sucrose for 10 min on ice. 
The protoplasts were then pelleted, resuspended by 
homogenization, and sonicated for 5x2 sec. This 
suspension was spun at 17,000 x g for 10 min at 4°C 
and then homogenized in 14 ml of 50 mM ammonium 
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acetate, pH 5.0, 1 mM EDTA, and 1% Triton X-100. The 
homogenate was spun at 17,000 x g again for 10 min at 
4°C, homogenized in 14 ml of 20 mM Tris-HCl, pH 8.1, 5 
mM EDTA, and 2% deoxycholate, and rotated for 20 min 
5 at room temperature (Langley et al. , Eur. J. Biochero. , 
163: 313-321, 1987). We have found that the 
deoxycholate selectively solubilizes lipids while 
leaving most of the hCG-0 in the inclusion bodies. 
The inclusion bodies were recovered by centrif ugation 

10 at 17,000 x g for 10 min at 22°C / washed with 20 mM 
Tris-Cl, pH 8.1, 5 mM EDTA, and recovered by 
centrif ugation at 4°C. The purified inclusion bodies 
were solubilized in 1.5 ml 8 M urea, 50 mM DTT, 50 mM 
Tris-Cl, pH 8.7 at 37 °C for 1 h under argon. This was 

15 cleared by centrif ugation at 17,000 x g for 10 min at 
22 °C. The supernatant was injected onto a Vydac 300- 
A, 5-/xm C 4 reversed-phase HPLC column (0.46 X 25 cm) 
equilibrated in 0.1% trif luoroacetic acid. The column 
was eluted isocratically for 10 min with 18% 

20 acetonitrile, 0.1% trif luoroacetic acid at a flow rate 
of l ml/min followed by a 0.36%/min acetonitrile 
gradient for 90 min. Peak fractions were concentrated 
by speed-vac centrif ugation, pooled, and the protein 
concentration determined by the method of Bradford. 

25 In this way, 1.2-1.4 mg of unfolded hCG-0 was 

recovered from a 200 ml culture of cells. The protein 
was stored at -70°C until use in refolding assays. 

d. rehCG-0 Folding and Assembly 
with hCG-a 

30 hCG-/3 was diluted to 1.28 /iM (0.02 mg/ml) in 

50 mM Tris-Cl, pH 8.7, 1 mM EDTA, 0-2 M urea. Folding 
was initiated by the addition of 6.4 mM cysteamine and 
3.6 mM cystamine that had been prepared as lOx 
concentrated stocks in 10 mM HC1 immediately prior to 

35 use. Reactions were incubated for 1 min to 4 h at 
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room temperature under argon and folding was stopped 
by the addition of 100 mM sodium iodoacetate, 50 mM 
Tris-HCl, P H 8.7. Folded recombinant hCG-/? (rehCG-0) 
was separated from unfolded rehCG-/3 on nonreducing 
5 SDS-PAGE gels as described previously (Ruddon et al., 
1987, supra), and the bands were visualized by silver 
staining. We have found that the efficiency of 
folding varies depending on the length of time that 
the unfolded precursor is stored at -70<>c. optimum 
efficiencies were obtained when the protein was 
refolded within l day of HPLC purification. To form 
the rehCG-0/hCG-a dimer, urinary hCG-a was added to 
the refolding reactions at a final concentration of i- 
1.4 m in the absence of urea. The extent of assembly 
was monitored by separating unassembled subunits from 
the dimer on nonreducing SDS-PAGE gels at 4»C (Beebe 
et al., Endocrinology 126: 384-391, 1990). m 
experiments to prepare rehCG-0/a for biological 
assays, folding and assembly reactions were not 
20 treated with iodoacetate. 

e * Purification of r^ hcc-fl/a r>-in,o^ 
40 vq of hCG-/S and 40 ng of a a were 
assembly in a 3.5 h reaction as described above. The 
2 ml reaction was injected onto a Waters Protein Pak 
25 DEAE column (io X 100 mm, 1000-A pore size) 

equilibrated in 20 mM sodium phosphate buffer, p H 7 1 
hCG dimer was eluted during a o-l M NaCl gradient in 
20 mM phosphate buffer, pH 7.1 over loo min. Elution 
positions of hCG and its unassembled subunits were 
30 first standardized using [ 35 S]cysteine-labelled hCG-/J 
and hCG-a (data not shown) . Next, elution of the 
unlabeled hCG formed using rehCG-0 and urinary a was 
confirmed by SDS-PAGE by aliquots of the anion 
exchange fractions. Unassembled hCG-a eluted in the 
>5 column void volume, whereas the hCG dimer eluted at 18 
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roin. Unassembled rehCG-/3 was not detected since most 
had either assembled with hCG-a or had formed large 
molecular weight aggregates (see Fig. 7, Lane 8) that 
did not elute from the anion exchange column in a 
5 sharp peak. The amount of hCG dimer recovered was 

estimated by separating the subunits of the dimer on a 
reducing gel and comparing the intensities of the 
silver-stained bands to that of both urinary hCG-a and 
rehCG-0 standards that were analyzed on the same gel. 

10 Intensities were measured using the Biolmage 1105 
system with Whole Band Software (4.6 P, Millipore 
Corp., Bedford, MA) and were found to be linear in the 
range of protein concentrations examined. About 5 n<3 
of HPLC-purified hCG dimer was obtained from an 

15 assembly reaction that contained 4 0 fig of both a and 
unfolded rehCG-0. 

f . Receptor Binding and Activation 
Assays 

The ability of rehCG-£/a dimer to bind to 
20 the CG/LH receptor and stimulate cAMP production in 
human fetal kidney "293" cells that had been 
transfected with the CG/LH receptor gene was assayed 
as described previously (Dunkel et al., 1993, supra). 



25 



30 



<*• In vivo Hormone Assays 

Immature female Sprague-Dawley rats were 
hypophysectomized and implanted with a silastic 
capsule containing about 10 mg diethylstilbestrol at 
22 days of age by a commercial breeder (Johnson 
Laboratories, Bridgeview, IL) . The rats were shipped 
to our laboratory at 25 days of age and housed in 
standard vivarium facilities, with laboratory chow and 
0.9% saline available ad libitum. Room temperature 
(24 °C) and lighting (lights on, 0600-1800 h daily) 
were controlled throughout the studies. 
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At 26 days of age, the rats received a 
priming dose of 10 IU pregnant mare serum gonadotropin 
(PMSG) (Calbiochem, La Jolla, CA) , sc, at 0900 h. To 
assess in vivo bioactivities of recombinant hCG- 
/3/urinary a, varying amounts of the recombinant hCG- 
0/urinary a or purified hCG (Lot No. CR-127) were 
injected subcutaneously fifty-two hours after PMSG 
priming. Control animals received no hormone after 
PMSG priming. At 18-20 h after treatment with hCG 
preparations, ovulatory potency of these hormones was 
checked by removing both oviducts to examine the 
number of ovulated oocytes. 

h « Statistical Analy ses 

Each experiment was repeated at least two 
times and results are presented as the mean ± SEM of 
more than three replicate determinations. Statistical 
analysis was done using Student's t test and P < 0.05 
was considered as significantly different from 
corresponding controls. 

20 II. RESULTS 

a. Bacterial Expression and 

Purification of hnfi- /? 

Restriction sites for the enzymes Nde I and 
Sal I were introduced into the hCG-/3 cDNA and the 
nucleotides that encode the signal sequence were 
removed by the polymerase chain reaction. The hCG-0 
gene was ligated into a pET expression vector that was 
used to transfect HB101 E. coli cells, used for large 
scale plasmid preparations. BL2l(DE3) cells, the host 
for protein expression, were transfected with the pET- 
hCG-0 plasmid according to the manufacturer's 
instructions. To express the hCG-/3 protein, the 
transfected BL21(DE3) cells were grown to log phase 
(° D «» = 0.4-0.6) and then induced with IPTG for 3-4 hrs 
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at 37 °C. Analysis of the detergent-solubilized cells 
by reducing SDS-PAGE showed the induction of a protein 
with a M, of 15,000 (Fig. 3A) , and Western Blot 
analysis confirmed that this protein was hCG-/8 (Fig. 
5 3B) . Cell fractionation studies confirmed that this 
protein was located in the inclusion bodies. 

The purification of the hCG-/3 protein was 
based on first purifying the inclusion bodies. These 
were washed with Triton-X 100 and then with sodium 

10 deoxycholate to remove lipids, lipopolysaccharides, 
glycolipids and contaminating proteins. ^ SDS-PAGE 
analysis of the washed inclusion bodies showed that 
hCG-/3 accounted for -90% of the protein in the 
inclusion bodies (Fig. 4A, lane 1). hCG-j8 was 

15 solubilized by reduction in 50 mM DTT, 8 M urea, 50 mM 
Tris-HCl, pH 8.7 at 37 °C under argon for 1 h. Removal 
of urea and contaminating proteins was achieved by 
reversed-phase HPLC resulting in a nearly homogeneous 
preparation of protein (Fig. 4, lane 2). The yield of 

20 hCG-0 employing this expression and purification 

scheme was 1.3 mg protein from a 200 ml culture of 
bacteria, for a yield of 6-7 mg/1. This above 
procedure has been scaled up to 2 . 5 1 of cultured 
cells, resulting in a -4-fold greater yield of 

25 unfolded hCG-0 (i.e., -25 mg/1) . 

b. Refolding of Recombinant hCG-/3 and 

Assembly with Urinary hCG-a 

As described in Example 1, we have 
previously determined that the in vitro folding 
30 pathway of glycosylated hCG-/3 is the same as its 

intracellular folding pathway. Furthermore, we have 
identified optimal redox conditions for the disulfide 
bond formation that is reguired for folding of hCG-0 
(Example 1). In particular, a redox buffer composed 
35 of the oxidant cystamine and the reductant cysteamine 
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assembly of the hCG subunits. In the latter case, 
assembly seems to be facilitated by reduction of the 
carboxy-terminal disulfide bonds of hCG-0 (Huth et 
al., 1993, supra). This cysteamine/cystamine redox 
buffer at alkaline pH was used to fold rehCG-0 that 
had been purified by reversed-phase HPLC and 
concentrated by speed-vac centrifugation. Shown in 
Fig. 5 is a nonreducing SDS-PAGE analysis of folding 
intermediates that are involved in the hCG-/3 folding 
pathway. Within seconds of addition of the redox 
buffer, rehCG-0 converts to a form that migrates 
faster on nonreducing SDS-PAGE gels that does the 
completely reduced and alkylated form of the protein 
(Fig. 5, lanes 2 and 3). This shift in migration is 
analogous to that observed for the conversion of 
reduced and denatured, glycosylated hCG-0 to the first 
folding intermediate, p01-early (Huth et al., 1992a, 
supra) . As folding of rehCG-0 continued, the form at 
the pj3l locus converted to a lower migrating form 
(Fig. 5, lanes 4-7) that is analogous to the p02 
intermediates (indicated as "folded f$ " in Fig. 5) 
found in the folding pathway of the glycosylated 
protein (Ruddon et al., 1987, supra). Dimers, 
trimers, tetramers, and larger molecular weight 
aggregates of rehCG-/3 also formed during the folding 
reaction (Fig. 5, lanes 4-7) and are probably a result 
of intermolecular disulfide bond formation since they 
were not observed on reducing gels. Interestingly, 
the amount of aggregate formation was reduced when 
rehCG-0 was folded in the presence of 2 M urea (Fig. 
5, lanes 8-12). The percent folding under these 
reaction conditions was estimated in two ways: 1) by 
comparing the intensity of the folded p02 bands to the 
intensity of the unfolded precursor (lane 2) and 2) by 
comparing the intensity of the p02 bands (lanes 4-7) 
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to the total intensity of stained proteins in the same 
lanes. In this way, the folding efficiency was found 
to be 4 0-60% in the presence of 2M urea, which is 
comparable to the efficiency achieved for refolding 
the glycosylated, reduced and denatured form of hCG-fi 
(Huth et al., 1993, supra). 

Folding plus assembly of rehCG-0 was carried 
out in the cysteamine/cystamine redox buffer in the 
presence of urinary hCG-o. A band was observed on 
nonreducing SDS-PAGE gels, run at 4«C (Beebe et al., 
1990, supra), that migrated at the appropriate 
molecular weight of a urinary hCG-a/nonglycosylated 
hCG-/3 dimer (Fig. 6, lanes 5-8). Interestingly, 
assembly was almost completely inhibited in the 
15 presence of 2M urea (Fig. 6, lanes 9-13), whereas the 
efficiency of the folding reaction was increased under 
these conditions (Fig. 7). To confirm that the 
putative dimer was composed of both a and 0 hCG 
subunits and to obtain the recombinant hCG dimer for 
biological assays, this protein was purified by anion 
exchange HPLC to >90% purity (Fig. 7). This 
preparation was then used to confirm the presence of 
both hCG-a and -0 in the isolated protein. The 
subunits were separated on a reducing SDS-PAGE gel, 
blotted to PVDF membranes, and probed with an antibody 
to either the hCG-a or hCG-/3 subunit. The results of 
these Western blots confirmed that both the a and 0 
subunit were present in the hCG dimer prior to subunit 
dissociation (Fig. 8) . 
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c. Biological Activity of hCG-o/ 
rehCG-fl 

The biological activity of this form of hCG 
was evaluated in receptor binding and cAMP stimulation 
assays. As shown in Fig. 9A, rehCG competed for the 
binding of urinary hCG to its receptor. Furthermore, 
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rehCG maximally stimulated the production of cAMP in 
human fetal kidney cells that had been transfected 
with the hLHR, and was approximately equipotent to 
wild-type hCG (Fig. 9B) . 
5 To assess the in vivo bioactivity of 

recombinant hCG-0/urinary a, we injected varying 
amounts of the recombinant hCG-j3/urinary a sc to 
immature hypophysectomized female rats primed with 
PMSG 52 h earlier. Purified hCG (CR-127) was used as 
10 a positive control, and saline was used as the 

negative control. As shown in Fig. 10, subcutaneous 
injection of saline did not cause any animals to 
ovulate. However, treatment with earlier purified hCG 
or rehCG resulted in dose-dependent increases in the 
number of oocytes per ovulating animal. Although the 
present data does not demonstrate parallel dose- 
response curves between animals treated with purified 
hCG and recombinant hCG-/3/urinary a, we estimated the 
apparent ED j0 to be 0.3 /zg for purified hCG and 1 ng 
for rehCG, suggesting that rehCG is approximately 3- 
fold less potent in ovulation induction than hCG. 

These in vitro and in vivo results indicate 
that rehCG-0 folded and assembled with hCG-a in a 
conformation very similar to that of glycosylated hCG- 
25 0 that is made in human cells. 

The present invention is not limited to the 
particular embodiments described and exemplified, but 
is capable of variation and modification within the 
scope of the appended claims. 
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s 
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What is claimed is: 



1. A glycoprotein hormone subunit produced 
in procaryotic cells, said subunit being capable of 
assembling with a counterpart subunit to form a 
glycoprotein hormone having at least one activity of a 
naturally occurring glycoprotein hormone. 

2. A glycoprotein hormone subunit as 
claimed in claim 1, selected from the group of 
glycoproteins consisting of chorionic gonadotropin, 
luteinizing hormone, follicle stimulating hormone and 
thyroid stimulating hormone, 

3. A glycoprotein hormone subunit as 
claimed in claim 2, which is a subunit of human 
chorionic gonadotropin. 

4 . A glycoprotein hormone subunit as 
claimed in claim 1, which is an a subunit. 

5. A glycoprotein hormone subunit as 
claimed in claim 1, which is a ^ subunit. 

6. A glycoprotein hormone subunit as 
claimed in claim 1, wherein said at least one activity 
is a receptor binding activity. 

7. A glycoprotein hormone subunit as 
claimed in claim 1, wherein said at least one activity 
is a signal transducing activity. 

8. A recombinant glycoprotein hormone 
comprising an a subunit and a 0 subunit, at least one 
of said subunits being produced in procaryotic cells, 
said recombinant glycoprotein hormone having at least 



*w ciaim », wnerein said a subunit is produced in 
procaryotic cells. 

12. A glycoprotein hormone as claimed in 
claim 8, wherein said f subunit is produced in 
procaryotic cells. 



15 



20 



25 



13. A glycoprotein hormone as claimed in 
claim 8, wherein both said a and said 0 subunits are 
produced in procaryotic cells. 

14. A glycoprotein hormone as claimed in 
claim 8, selected from the group consisting of 
chorionic gonadotropin, luteinizing hormone, follicle 
stimulating hormone and thyroid stimulating hormone. 

15. A glycoprotein hormone as claimed in 
claim 14, wherein said a subunit and said f subunit 
are selected from the same member of the group 
consisting of chorionic gonadotropin, luteinizing 
hormone, follicle stimulating hormone and thyroid 
stimulating hormone. 
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16. A glycoprotein hormone as claimed in 
claim 15 , which is human chorionic gonadotropin • 

17. A glycoprotein hormone as claimed in 
claim 14 , wherein said a subunit and said 0 subunit 
are selected from different members of the group 
consisting of chorionic gonadotropin, luteinizing 
hormone, follicle stimulating hormone and thyroid 
stimulating hormone. 

18. A glycoprotein hormone as_ claimed in 
claim 17, wherein said a subunit is human chorionic 
gonadotropin a subunit and said /? subunit is a 
subunit other than human chorionic gonadotropin /? 
subunit. 

19. A glycoprotein hormone as claimed in 
claim 17, wherein said 0 subunit is human chorionic 
gonadotropin /S subunit and said a subunit is a subunit 
other than human chorionic gonadotropin a subunit. 

20. A glycoprotein hormone 0 subunit, which 
is fully deglycosylated. 

21. A glycoprotein hormone subunit as 
claimed in claim 20, selected from the group 
consisting of chorionic gonadotropin, luteinizing 
hormone, follicle stimulating hormone and thyroid 
stimulating hormone. 

22. A glycoprotein hormone subunit as 
claimed in claim 21, which is chorionic gonadotropin 0 
subunit. 



23. A fully deglycosylated glycoprotein 

hormone . 
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24. A fully deglycosylated glycoprotein 
hormone as claimed in claim 23, selected from the 
group consisting of chorionic gonadotropin, 
luteinizing hormone, follicle stimulating hormone and 

5 thyroid stimulating hormone. 

25. a fully deglycosylated glycoprotein 
hormone, which is chorionic gonadotropin. 

26. a glycoprotein hormone having a fully 
deglycosylated subunit and a fully glycosylated 

10 subunit. 

27. A pharmaceutical preparation comprising 
a glycoprotein hormone as claimed in claims 8, 23 and 
26, in a biologically compatible medium. 
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28. A method of making a glycoprotein 
hormone subunit capable of assembling with a 
counterpart subunit to form a glycoprotein hormone, 
said method comprising the steps of: 

a) transforming a procaryotic cell 
with a nucleic acid molecule comprising a coding 
sequence for said subunit, operably linked to 
regulatory sequences for expressing said coding 
sequence in said procaryotic cell; 

b) expressing said coding sequence in 
said procaryotic cell to produce an unfolded form of 

25 said subunit; 

c) purifying said subunit from other 
components of said procaryotic cell; and 

d) folding said subunit by dispersing 
said subunit in a thiol redox buffer having a redox 

30 potential of between about -145 and about -200 mv, to 
enable ordered formation of disulfide bonds, thereby 
forming an assembly-competent glycoprotein hormone 
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subunit capable of assembling with a counterpart 
subunit to form a glycoprotein hormone. 

29. A method according to claim 28, wherein 
said procaryotic cell is E. coli, and said nucleic 

5 acid molecule is disposed within a pET expression 
vector. 

30. A method according to claim 29, wherein 
said subunit is produced in inclusion bodies of said 
E. coli cell. 

10 31. A method according to claim 30, wherein 

said purification of said subunit comprises the steps 
of: 

i) purifying said inclusion bodies 
from said other components of said procaryotic cell; 
15 ii) solubilizing said inclusion bodies 

to form a soluble fraction comprising said subunit, 
and an insoluble fraction; 

iii) separating said soluble fraction 
from said insoluble fraction; and 
20 iv) isolating said subunit from said 

soluble fraction. 

32. A method according to claim 31, wherein 
the step of purifying said inclusion bodies comprises: 

1) lysing said E. coli cells to 

25 produce protoplasts comprising said inclusion bodies; 

2) homogenizing said protoplasts to 
produce a protoplast homogenate; 

3) exposing said protoplast homogenate 
to deoxycholate in an amount effective to selectively 

30 solubilize lipids in said protoplast homogenate while 
leaving substantially all of said subunit in said 
inclusion bodies; and 
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4) separating said inclusion bodies 
from other components of said protoplast horoogenat , 
thereby purifying said inclusion bodies. 

33. A method according to claim 28, wherein 
said thiol redox buffer has a pH of between about 7.4 
and about 8.7. 

34. A method according to claim 33, wherein 
said thiol redox buffer comprises a 
cysteamine/cystamine redox pair at a ratio of 
cysteamine to cystamine of about 2 to i.~ 

35. A method according to claim 34, wherein 
said redox buffer comprises a combined concentration 
of cysteamine and cystamine of between about 2 mM and 
about 10 mM. 

36. A method according to claim 34, wherein 
said thiol redox buffer has a pH of about 8.7 and 
comprises about 6.4 mM cysteamine and about 3.6 mM 
cystamine. 

37. A method according to claim 33, wherein 
said thiol redox buffer comprises a reduced 
glutathione/oxidized glutathione redox pair, at a 
ratio of reduced glutathione to oxidized glutathione 
of about 6 to 1. 

38. A method according to claim 37, wherein 
said thiol redox buffer comprises a total glutathione 
concentration of about 2 mM. 

39. A method according to claim 37, wherein 
said thiol redox buffer further comprises protein 
disulfide isomerase. 
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40. A method according to claim 37 , wherein 
said thiol redox buffer has a pH of about 7.4 and 
comprises about 1.7 mM reduced glutathione, about 0.27 
mM oxidized glutathione and about 1 mg/ml protein 

5 disulfide isomerase. 

41. A method of making a glycoprotein 
hormone, said method comprising the steps of: 

a) transforming a procaryotic cell 
with a nucleic acid molecule comprising a coding 

10 sequence for a subunit of said glycoprotein hormone, 

operably linked to regulatory sequences for expressing 
said coding sequence in said procaryotic cell; 

b) expressing said coding sequence in 
said procaryotic cell to produce an unfolded form of 

15 said subunit; 

c) purifying said subunit from other 
components of said procaryotic cell ; 

d) folding said subunit by dispersing 
said subunit in a thiol redox buffer having a redox 

20 potential of between about -145 and about -200 mV, to 
enable ordered formation of disulfide bonds, thereby 
forming an assembly-competent glycoprotein hormone 
subunit capable of assembling with a counterpart 
subunit to form a glycoprotein hormone; 

25 e ) contacting said assembly-competent 

glycoprotein hormone subunit with said counterpart 
subunit in said thiol redox buffer, said contacting 
causing assembly of said subunit with said counterpart 
subunit, thereby producing said glycoprotein hormone. 

30 42. A glycoprotein hormone subunit capable 

of assembling with a counterpart subunit to form a 
glycoprotein hormone, produced by a method comprising: 

a) transforming a procaryotic cell 
with a nucleic acid molecule comprising a coding 
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sequence for said subunit, operably linked to 
regulatory sequences for expressing said coding 
sequence in said procaryotic cell; 

b) expressing said coding sequence in 
said procaryotic cell to produce an unfolded form of 
said subunit; 

c) purifying said subunit from other 
components of said procaryotic cell; and 

d) folding said subunit by dispersing 
said subunit in a thiol redox buffer having a redox 
potential of between about -145 and about -200 mV, to 
enable ordered formation of disulfide bonds. 

43. A recombinant glycoprotein hormone 
produced by a method comprising: 

a) transforming a procaryotic cell 
with a nucleic acid molecule comprising a coding 
sequence for a subunit of said glycoprotein hormone, 
operably linked to regulatory sequences for expressing 
said coding sequence in said procaryotic cell; 

b) expressing said coding sequence in 
said procaryotic cell to produce an unfolded form of 
said subunit; 

c) purifying said subunit from other 
components of said procaryotic cell; 

d) folding said subunit by dispersing 
said subunit in a thiol redox buffer having a redox 
potential of between about -145 and about -200 mV, to 
enable ordered formation of disulfide bonds, thereby 
forming an assembly-competent glycoprotein hormone 
subunit capable of assembling with a counterpart 
subunit to form a glycoprotein hormone; 

e) contacting said assembly-competent 
glycoprotein hormone subunit with said counterpart 
subunit in said thiol redox buffer, said contacting 
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causing assembly of said subunit with said counterpart 
subunit. 

44. A solution for folding an unfolded 
protein having at least one disulfide bond when 
folded, which comprises between about 1.3 and about 
6.4 mM cysteamine and between about 0.7 and about 3.6 
mM cystamine, having a ratio of cysteamine to 
cystamine of about 2 to 1, and having a pH of about 
8.7. 

45. A solution as claimed in claim 44, 
wherein said unfolded protein is a glycoprotein 
hormone subunit. 

46. A method of folding an unfolded 
glycoprotein hormone subunit to form an assembly- 
competent subunit capable of assembling with a 
counterpart glycoprotein hormone subunit to produce a 
glycoprotein hormone, said method comprising 
dispersing said subunit in a solution comprising 
between about 1.3 and about 6.4 mM cysteamine and 
between about 0.7 and about 3.6 mM cystamine, having a 
ratio of cysteamine to cystamine of about 2 to 1, and 
having a pH of about 8.7, to enable folding of said 
subunit by ordered formation of disulfide bonds, 
thereby forming said assembly-competent subunit. 

47. A method of treating a patient having a 
condition that is relieved by increasing an amount of 
a glycoprotein hormone in said patient's body, said 
method comprising administering to said patient the 
pharmaceutical preparation of claim 27, in an amount 
effective to relieve said condition. 



said condition is selected from the group consisting 
of reduced fertility and hypogonadism, and said 
glycoprotein hormone is a gonadotropin. 

49. A method according to claim 47, wherein 
said condition is hypothyroidism and said glycoprotein 
hormone is thyroid stimulating hormone. 

50. A method treating a patient having a 
condition that is relieved by decreasing an amount of 
a glycoprotein hormone or preventing binding of a 
glycoprotein hormone to cellular receptors in said 
patient's body, said method comprising administering 
to said patient the pharmaceutical preparation of 
claim 27, which comprises a deglycosylated form of 
said glycoprotein hormone, in an amount effective to 
relieve said condition. 

51. A method according to claim 50, wherein 
said condition is selected from the group consisting 
of fertility and over-production of steroid hormones, 
and said deglycosylated glycoprotein hormone is a 
gonadotropin. 



52. A method according to claim 50, wherein 
said condition is hyperthyroidism and said 
deglycosylated glycoprotein hormone is thyroid 
stimulating hormone. 
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